Abstract
Introduction
The collapse of Bretton-Woods posed a vexed question in the world economic research: the impact of exchange rate volatility on the international trade. As the exchange rates have been highly volatile since then, a lot of research was done to find out what was the effect of such volatility on foreign trade. Most scholars thought that the exchange rate volatility was the main source of economic instability in the world economy, and they were able to find significant relationships between the exchange rate volatility and international trade. A lot of research papers were devoted to looking for negative relationship between the volatility and trade, but this was not always the case. To sum up, although sometimes the results of empirical studies confirmed positive relationship, in a number of cases these relationships were not proven to be strong.
There are several reasons why economists had certain difficulties with finding strong relationships between the exchange rate volatility and international trade. The given study will attempt to enumerate and analyze these difficulties, while simultaneously it will search for the answer to the m a i n q u e s t i o n u n d e r c o n s i d e r a t i o n -w h a t i s t h e i m p a c t o f e x c h a n g e r a t e v o l a t i l i t y o n t h e international trade. As some of the economic models built by different economists in order to explain the impact of exchange rate volatility on the firm level and globally will be helpful for the research, they will also be included in the study.
Although a lot of articles were written on the topic of exchange rate volatility, different economists still have different ideas about the effect of exchange rate variability on international trade and most of the results of empirical studies are inconclusive. Since the exchange rates during the last decades have been highly volatile which caused a lot of changes in capital markets, this question is still very relevant. Moreover, the development of forward markets makes us look at this problem from different point of view now. As the exchange rate variability has a great influence on the welfare of the nation as it directly affects its trade, it is very important to research this problem to find ways to avoid the negative consequences of it. Therefore, the topics of exchange rate volatility and international trade have been the main subjects of a number of articles that have been written during the last four decades
Literature Review
One of the early articles written on this topic is Hooper and Kohlhagen (1978) . In this article Hooper and Kohlhagen develop a model to analyze the impact of exchange risk on trade prices and quantities. Besides, they test this model empirically for U.S. and German trade flow cases for the period of [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] , considering both importers' and exporters' attitudes toward exchange risk. In their theoretical model they find out that if traders are risk averse, an increase in exchange risk will reduce the volume of trade no matter the importers or exporters bear the risk. They also found out that the price of traded goods can change in either direction depending on who faces the risk.
In order to focus only on the issue of exchange rate volatility Hooper and Kohlhagen assume that the exchange rates are the only source of uncertainty. Three methods of measuring the exchange rate variability were used for estimation. 1 Other sources of uncertainty, such as expectations about exchange or capital controls and trade barriers are not easily quantifiable. Using the data from 1965 to 1975 they test for the impacts of exchange rate volatility in sixteen cases involving U.S. and Germany. They test this model both for multilateral and bilateral trade flows. As in previous studies they did not find statistically significant relationship between the exchange rate volatility and international trade. Although they use different functional forms, models and measures of exchange rate volatility they do not get significant results, except for the case with United Kingdom. They find out that exchange rate volatility has had a relatively significant negative effect on U.S. -U.K trade.
The similar model is used by Cushman (1983 
Where the X ij is the growth of exports of country j, Y j is the growth rate of real income of country j and P ij is the rate of change of the price of country i's goods relative to country j's goods. In this model T ij is the dummy variable which will be one if the trade arrangements between the two countries exist or it will be zero otherwise. S ij is the exchange rate volatility measure of which will be discussed later. The equation is estimated for 10 developed countries: Belgium, Canada, France, the Federal Republic of Germany, Italy, Japan, the Netherlands, Switzerland, the United Kingdom and the United States. I will not discuss the all coefficients and look at only exchange rate volatility. The result shows that the coefficient of exchange rate volatility is negatively significant in the second period. However it occurs only when real exchange rate volatility is used. De Grauwe does not find significant relationship for fixed period, because the exchange rate variability is small during that period. Thus, De Grauwe concludes that the high volatility of exchange rates has a significant negative effect on the growth rates of trade among the main developed countries.
Unlike the other studies De Grauwe uses cross-section evidence, such as integration variable.
Besides, De Grauwe focuses on the long-run effect of exchange rate variability. In conclusion, using cross-section evidence pooled with data of two periods De Grauwe shows that the long-run volatility of real exchange rates affected the growth of international trade significantly. He shows that almost 20 percent of the observed reduction in the growth rate of international trade among the advanced courtiers can be explained by the increase in the long-run volatility of real exchange rates. Koray and Lastrapes (1989) also investigate the impact of real exchange rate volatility on U.S bilateral imports from developed countries. They use vector autoregression (VAR) model to estimate the equation for imports from United Kingdom, Germany, Canada, France and Japan separately.
Their article has a few advantageous points, as compared to previous studies. First, they do not impose theoretical restrictions, such as exogeneity, on the variables. Second, the vector autoregression model accommodates general dynamic relationships among variables in the system.
They estimate the systems separately for fixed exchange rate period and the floating rate period.
Since they estimate the equation for U.S. imports they included the following variables: the US money supply, output level, price and real exchange rate volatility. All variables are transformed into natural logarithms, except interest rates and volatility.
However, overall the estimation results were not significant. These results make us say that the relationship between exchange rate volatility and international trade is weak. Still Koray and
Lastrapes find out that effect of exchange rate volatility on U.S. imports was greater during the flexible rate regime than during the fixed exchange rate regime. They also conclude that shocks to volatility tend to depress imports.
Dell'Ariccia (1999) studies the effect of exchange rate volatility on bilateral trade flows using a gravity model and panel data from western European countries. Other explanatory variables include log product of GDPs and log product of populations of two trading countries, log distance between trading country pairs, dummy for common border and language, dummy for EU membership and measure of exchange rate volatility. Most of the studies use OLS and time series analysis to estimate the effect of exchange rate volatility.
However, there is a number of papers that use other estimation methods like GARCH-in-mean (Kroner and Lastrapes (1993) ), Instrumental variable (Tenreyro (2004)), Fixed and Random effects (Sauer and Bohara (2001)), ARMA (Doroodian (1999)) and others.
In conclusion it can be said that most of the empirical research that has been done on the topic proves the fact that the effect of exchange rate volatility on international trade is significant. However, there are a number of studies that do not support the hypothesis that exchange rate volatility does have negative effect on international trade. Moreover, what makes the research on the topic more problematic is the fact that the effect of exchange rate volatility on international trade is different for different countries and estimation methods. Thus it is quite evident that better estimation methods and data should be used to find the results that are reliable.
Measuring the Exchange Rate Volatility
One of the initial questions that must be discussed before the actual research is the way of measuring the exchange rate volatility. In most of the research devoted to exchange rate volatility and trade, there is no generally accepted method to measure volatility. Because there is no consensus on the model of firm behavior facing risk arising from fluctuations in exchange rates, different economists use different models to measure the exchange rate volatility. Different measures of volatility are introduced in Table 1 .
There are several issues concerning measuring the exchange rate variability. Before measuring the volatility we have to decide whether short-term or long term volatility matters. Most of economists believe that short-term volatility in exchange rates is not appropriate for this kind of analysis, because they can be self canceling and long-run variability would affect decisions more. According to this theory change in exchange rates from one period to the next is not important and within period standard deviation and absolute percentage change of the exchange rate are not good measures for exchange rate volatility. The important factor that affects decisions is departure from the trend or equilibrium value. In this case variance of the spot exchange rate around its trend would be a better proxy for exchange rate volatility.
One of the exchange rate measures that were used in number of studies is average absolute difference between the previous forward rate and current spot rate. Supporters of this measure of volatility argue that exchange rate volatility can be anticipated by market. Therefore they use forward rate which incorporates these anticipations. 
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Where Z is the log relative price of foreign consumer goods in terms of US consumer goods and m=12 Cushman (1983 Cushman ( ), (1986 Cushman ( ), (1988a Thursby and Thursby (1985) Koray and Lastreps(1989) Bahmani and Oskooee (1996) Arize et al. (2000) Sauer and Bohara (2001) Bahmani and Oskooee (2002) Significant negative and positive effects in the first two papers; negative effects for the last Insignificant at aggregate level, significant at bilateral level Insignificant negative effect Significant negative effect Significant negative effect Significant negative effect Significant negative effect Within period standard deviation
Where n is the number of periods Hooper and Kohlhagen (1978) Akhtar Hilton (1984) Gotur (1985) Relatively significant effect for US-UK case and insignificant effect for the rest Significant negative effect Another widely used measure of exchange rate volatility is moving average of the standard deviation of exchange rate. This measure of volatility has done a better job compared to other volatility measures. However, it has been criticized, because of its skewed distribution and volatility clustering which makes successive price changes correlated. In order to avoid these disadvantages ARCH and GARCH models were proposed.
Theoretical Background
All the previous research on exchange rate volatility and international trade has been done in order to find negative relationship between them. The common belief is that if traders are risk averse and when there is an uncertainty about future exchange rates the volume of trade should decrease. When traders are uncertain about how exchange rates in the future will affect their revenues they reduce trade in order to minimize exchange rate risk and loss. Consider a firm producing commodities for export and being paid in foreign currency. Usually firms determine the volume of production before the exchange rate realization and they cannot adjust to moving exchange rates immediately. When the firms observe high volatility in exchange rates, they reduce the volume of trade to avoid loss from foreign exchange transaction. However, if a firm can adjust its production to moving exchange rates, there can be good opportunity from exchange rate variability. So, if a firm is paid in foreign currency and foreign currency is depreciating, the firm will decrease exports reducing loss, and if foreign currency is appreciating the firm will increase exports by increasing profits.
Some of the previous research tries to show that existence of developed forward markets can considerably decrease exchange rate volatility increasing international trade. However, not all countries have perfect forward markets and even in countries with developed forward market traders still can be uncertain about future exchange rates. Hooper and Kohlhagen (1978) 
Model Specification
Exchange rate volatility is the main concern of most traders and according to common belief if the exchange rate is very volatile the risk-averse traders will reduce the trade volume. However, the research has shown that it is not so straightforward and this issue is still an object of argument in academic world. Different methods of estimation, data and volatility measures were used to find empirical evidence by followers of different theories. However, in this work I will look at this issue from different point of view using high frequency data and large sample. Most of the previous research was done using quarterly data and Ordinary Least Squares (OLS) and Fixed Effects method to estimate the effect of exchange rate volatility on trade. In my research I will apply Panel Least Squares method to large sample and up-to-date data to estimate the effect of exchange rate volatility on US imports and exports. Also I will look at the effect of different exchange rate regimes including currency boards on trade. In the basic model I assume that exchange rate volatility is exogenous. However, trade volume itself can affect the exchange rate volatility causing reverse causality. In order to avoid simultaneity bias I will focus on the effect of uncertainty on trade using Instrumental Variables method. Different exchange rate regimes are used as instruments for volatility. Besides, it seems relevant to look at the effect of different currency arrangements after exchange rate volatility was taken into account.
Basic Model
This section presents the basic model for estimating effect of uncertainty on US imports and exports. Main assumption I make here is that exchange rate volatility is exogenous, i.e. there is no causal relationship between trade and exchange rate volatility. Here I include several specifications for comparison that will be estimated with and without fixed effects. 
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Here Expit is US export to country i at time t, Imp it is US import from country i at time t, ln(GDP) it is the GDP of country i at time t and Vol it is real exchange rate volatility measured as moving average of standard deviation of log real exchange rates. Since I am using monthly data, moving average of the standard deviation of real exchange rates was calculated using seven months including three months before and after the time period t. Measure of exchange rate volatility is similar to the one used by Cushman (1983) . This measure of exchange rate is used in most of the empirical research involving exchange rates. it is a year fixed effect, it is a country fixed effect and it is the error term. In these equations log of GDP is included as an explanatory variable in order to capture the recessions and booms in the country 3 .
In the majority of previous research real exchange rates was also used as an explanatory variable and as a major factor that affects the imports and exports. Therefore it is useful to include it as an explanatory variable for further comparison.
3 Since, monthly data for GDP was not available, following formula was used to generate monthly GDP series from yearly data: 
Here reer it is the real exchange rates in terms of US dollars. I expect the coefficient for this variable to be negative for exports. Since, real exchange rate is equal to per US dollar foreign currency, when it increases US goods become expensive for importing countries which in turn reduces the trade volume. Real exchange rate is expected to be positive for imports. When exchange rate increases, foreign goods become cheaper increasing the imports. Estimating these equations I will look at the effect of exchange rate volatility on exports and imports.
Main advantage of panel data is that fixed effects method can be employed to estimate time and country fixed effects. Time specific variables include mainly US data as US GDP, population and etc. that do not vary across countries in a given time period. Time fixed effect method takes care of these variables and there is no need to include them as explanatory variables. Country effects include distance between US and trading partners, common border, common language, other historical and cultural relationships and etc. that affect US imports and exports. Employing crosssection fixed effects methods these variables can be eliminated.
The Effect of Exchange Rate Regimes on US Trade
One of the interesting issues in international trade is the effect of exchange rate regimes on trade. First of all, it would be interesting to look at the relationship between the exchange rate volatility and exchange rate regime. First I regress the exchange rate volatility on dummies for tree exchange rate regimes. The fourth floating regime is used as reference group. Original classification and reduced classification is presented in Table 8 in Appendix. In the equations I included dummies for each exchange rate regime excluding the floating one. Floating exchange rate regime will be used as a reference group. Dummies take value of one if the country has the indicated exchange rate regime in a given month and zero otherwise. Summary statistics of all the variables are given in Table 9 in the Appendix.
Estimation of the Basic Model
This section provides empirical evidence on the effect of exchange rate volatility using basic Estimation results showing the relationship between the exchange rate volatility and US exports are presented in Table 2 . First three columns were estimated without real exchange rates and include the regression results from equations (4.1.1) obtained using simple OLS, time fixed effects and two-way fixed effects method. All the remaining tables present the results in the same fashion.
In order to capture the size of the country and the economy log of trading partner's GDP is included. Real exchange rate s also included as one of the main factors affecting international trade. As we can see from the results coefficients of log of GDP has the expected sign and has a significant effect on US exports. Coefficient of log GDP is significant at any level of significance in all the regressions. Compared to simple OLS, GDP has a lower coefficient when fixed effects were taken into account. When two-way fixed effect method is used coefficient of log of GDP shows that 1 percent increase in country's GDP increases the US export to that country by almost 0.7 percent. This is expected result, because GDP captures the size and the development of the economy and have a large impact on demand for international goods. Same regressions with and without time fixed effect show larger effect of GDP on US exports. Exchange rate volatility is the variable of main interest here. First three regressions suggest that exchange rate volatility is not significant at all. The last three columns show regression results from equation (4.1.3). Including the real exchange rate do not change the coefficient of GDP variable. However, now coefficient of exchange rate volatility becomes significant at 5 percent significance level and has the expected sign with only time fixed effect. Two-way fixed effect method still shows that effect of exchange rate volatility is statistically insignificant and small. Coefficient of log real exchange rates is very significant and has the expected sign in first two columns with and without time fixed effects. These results suggest that 1 percent increase in real exchange rates of trading partner increases the US exports by about 0.21 percent. Taking into account the fact that appreciation of dollar stimulates US firms to export more this result is not unexpected. However, when US dollar appreciates US goods become more expensive for foreign importers. I expect the coefficient of real exchange rates to be negative in the equations for US exports. R-squared from two-way fixed effects model suggest that with this method explanatory variables better explains the variation in US exports. Estimation results for equations (4.1.2) and (4.1.4) are presented in Table 3 . Here I estimate the same equations with same explanatory variables for US imports. Presented results suggest that exchange rate volatility has larger and more significant effect on US imports compared to exports. Coefficient of exchange rate volatility is very significant and has the expected sign in all the regressions. Most of the regressions suggest that 1 percent increase in exchange rate volatility decreases the imports by about 1.1 percent. Coefficient of partner country's GDP is very significant as in the regressions for exports. However, now estimated results are relatively higher.
Most of regressions suggest one to one increase in US imports as GDP increases. Real exchange rate also have very significant coefficient in the regression estimated with two way fixed effects.
Regression in the last column with time and country fixed effects show that 1 percent increase in real exchange rates decreases the imports by 1 percent. This can be considered expected result if US importers make payments in foreign currency. However, most of the transactions in international trade involve US dollar. Negative coefficient for real exchange rate is not intuitive. 
Estimation of Effect of Exchange Rate Regimes on US Trade
Most of the research studying the effect of exchange rate regimes on international trade suggests that countries with fixed or hard peg exchange rate regimes trade more, because these regimes reduce level of exchange rate volatility decreasing the level of uncertainty. Trade can increase because of the reduction in hedging costs when such a regime exists. In this section I will focus on the effect of different exchange rate regimes on the trade volume. First I estimate equation (4.2.1) to look at the relationship between exchange rate regime and volatility. Estimation results including three regressions obtained using simple OLS, time-fixed and two-way fixed effects methods are presented in Table 4 . Explanatory variables include four exchange rate regimes classified as floating, crawling, pegged and board (currency union). Last three columns of Table 5 include regression results for import equations. Three regression results obtained using simple OLS, time fixed and country fixed effects are different in terms of signs of the coefficients for regimes. However, if look at the direction of change in the effect of regimes from the most flexible to least flexible coefficients become more positive in all cases.
Floating regime seems to have large negative effect on imports. According to regression results obtained using country and time fixed effects, if country allows its currency to float freely US imports from that country decreases by 28 percent. It is also worth looking at the effect of exchange rate regimes on trade after taking account for exchange rate volatility. In order to see the effects of regimes over exchange rate volatility I estimate the equations (4.2.4) and (4.2.5) for imports and exports separately. Table 6 contains all the regression results for export and import equations obtained using simple OLS, time and country fixed effects methods.
Equations estimated using only time fixed effects methods give more significant results than twoway fixed effects method for export equations. After controlling for exchange rate volatility export regression results do not change much for exports. Coefficients for exchange rate regimes are still significant. It is possible that there are some other characteristics of exchange rate regimes that may affect exports of the country. Results of the estimations are presented in Table 7 . As we can see results are not satisfying.
Coefficient of exchange rate volatility is too high in all the regressions and it has different signs for imports and exports, except the two-way fixed effect estimation results, all the regressions give very significant coefficients. In two regressions R-squared is negative. It is possible that dummies for exchange rate regimes are not good instruments for exchange rate volatility. We can not rely on these results. Notes: Standard Errors presented in parentheses. ***, **, * indicate 1%, 5%, and 10% statistical significance level respectively.
CONCLUSION
In this research I try to find the effect of exchange rate volatility on international trade using large data set including exchange rate regime data. Looking at relationship between different exchange rate regimes and trade volume I conclude that more flexible exchange rate regimes have negative effect on trade by increasing volatility. However, I get different results for imports and exports.
In case of imports all the results are more significant and intuitive. As we can see from these results, regressions estimated with country fixed effects method do not change coefficients much for US export equations, but for imports fixed effects change coefficients completely. Country fixed effects in this case include distance between US and other trade partners, common language, other cultural and historical properties of trading partner countries. It seems that country effects have much more impact on imports than exports. For example, distance between countries can have greater impact on imports than exports, because major US exporters are transnational corporations that can reach any country in the world. For less developed distant countries it is much more expensive to export their goods to US because of high transaction costs.
Also I estimated the effect of volatility using IV method, but results do not seem to be satisfying.
Some specification problems can cause this kind of results. I do not believe that exchange rate volatility can have such a large effect on international trade.
This research suggests that exchange rate volatility reduces international trade, but its effect is larger on imports than on exports. This may be due to the fact that major US trade transaction involve only US dollar. 
